Abstract Drug overdose is now the leading cause of injuryrelated mortality in the USA, but the prognostic utility of cardiac biomarkers is unknown. We investigated whether serum cardiac troponin I (cTnI) was associated with overdose mortality. This prospective observational cohort studied adults with suspected acute drug overdose at two university hospital emergency departments (ED) over 3 years. The endpoint was in-hospital mortality, which was used to determine test characteristics of initial/peak cTnI. There were 437 overdoses analyzed, of whom there were 20 (4.6 %) deaths. Mean initial cTnI was significantly associated with mortality (1.2 vs. 0.06 ng/mL, p \ 0.001), and the ROC curve revealed excellent cTnI prediction of mortality (AUC 0.87, CI 0.76-0.98). Test characteristics for initial cTnI (90 % specificity, 99 % negative predictive value) were better than peak cTnI (88.2 % specificity, 99.2 % negative predictive value), and initial cTnI was normal in only one death out of the entire cohort (1/437, CI 0.1-1.4 %). Initial cTnI results were highly associated with drug overdose mortality. Future research should focus on high-risk overdose features to optimize strategies for utilization of cTnI as part of the routine ED evaluation for acute drug overdose.
Introduction
Drug overdose is currently the leading cause of injuryrelated mortality in the USA, with nearly 100 deaths per day since 2007 [1] . The drug overdose death rate of 11.8 per 100,000-persons in 2007 was roughly three times the rate in 1991 [2] . In 2012, there were over 1.5 million drug exposures reported to poison control centers (PCC), of which over 10 % had moderate or major outcomes, while over 1500 (1 %) suffered fatalities that were judged to be exposure-related by the American Association of Poison Control Centers [3] .
Clinical predictors of drug overdose-related mortality depend on a variety of factors related to each individual exposure; however, a final common pathway of in-hospital drug-induced cardiac arrest likely involves myocardial toxicity [4] , as respiratory arrests are readily preventable in the hospital setting. Drug toxicity may cause myocardial injury through a variety of mechanisms, including but not limited to, myocardial oxygen supply/demand mismatch (e.g., coronary artery vasospasm) [5] , ion-channel poisoning (e.g., digoxin) [6] , as well as direct myocardial toxicity (i.e., through inhibition of intrinsic metabolic pathways such as oxidative phosphorylation) [7] . We previously demonstrated that myocardial injury is the most common & Alex F. Manini alex.manini@mssm.edu major adverse cardiovascular event that occurs following acute drug overdose [8] . According to guidelines from the American College of Cardiology, the approach to patients with symptoms of drug-induced myocardial injury should differ in both diagnostic and therapeutic managements [9] . However, such guidelines rely upon expert consensus due to lack of evidence-based tools to risk-stratify and guide management. Cardiac troponin I (cTnI) is a regulatory protein of the myocardial contractile apparatus which is released into the bloodstream following myocardial cell necrosis due to injury from both ischemia and drug-induced cardio toxicity [10] . Mechanisms and pathophysiology of drug-induced myocardial injury as outlined in the revised clinical classification of myocardial infarction [11] are summarized in Table 1 . In addition, there are several non-cardiogenic causes for circulating cTnI elevation, including renal and pulmonary disease [12, 13] . Overdoses from some drugs, such as colchicine, may actually be risk stratified using cardiac biomarkers [14] .
In 2010, the American College of Cardiology called for clinical research to improve the emergency cardiovascular care in special populations, including risk stratification of drug overdose patients [9] . We therefore planned this derivation study to characterize the prognostic utility of cardiac biomarkers to predict in-hospital mortality following acute drug overdose. We hypothesized that cTnI would independently predict undifferentiated drug overdose mortality in a heterogeneous emergency department (ED) patient population.
Materials and Methods

Study Design
This observational cohort study was prospectively performed on consecutive adult ([18 years) ED patients with acute drug (prescription, over-the-counter, and illicit) overdose over 36 months (2009) (2010) (2011) (2012) . Two urban, tertiary-care hospitals (Mount Sinai Hospital, Elmhurst Hospital Center) were used for enrollment with EDs that have a combined annual visit volume in excess of 250,000 and are staffed 24 h per day with board-certified emergency physicians and cardiologists. The study protocol was approved by the institutional review board for all participating institutions with a waiver of informed consent.
Study Population
Patients with suspected acute drug overdose were initially screened for inclusion by trained research assistants using one of the two triggers: [1] rounding with the ED attending physicians several times daily during normal business hours, or [2] by telephone referral of the case to the regional PCC that was staffed 24 h/day and 7 days/week by Certified Specialists in Poisoning Information. Reporting of suspected acute poisoning to the Poison Control Center in New York City is mandated by the local public health law [15] .
Following screening, formal inclusion and exclusion criteria were applied to determine whether patients would be analyzed for cardiac biomarkers. Patients were screened who met both of the following criteria: [1] acute presentation (within 24 h of exposure) and [2] suspected overdose (i.e., illicit drug dose sufficient to cause symptoms or any prescription drug exposure greater than its therapeutic dose). Exclusion criteria were the following: alternative diagnosis (e.g., trauma, infection, or anaphylaxis), nondrug overdose (e.g., plant), exposures limited to dermal or inhalational routes only, age \18 years, patients with incomplete outcome data (i.e., left against medical advice, transferred to an outside institution, or otherwise eloped from the hospital), prisoners, and patients with pre-hospital cardiac arrest or do-not-resuscitate orders.
Measurements
Data collection from the medical chart occurred in accordance with accepted guidelines for valid medical chart abstraction, including training of abstractors and 95 % agreement of a random sampling of ten test charts prior to mass data abstraction [16] . Data deemed to be possible confounders for any association between cTnI results and mortality were abstracted to a de-identified electronic database with password protection and included urine cocaine metabolite, vital signs, and prior CAD. Toxicology screens other than cocaine metabolite are not considered as clinically reliable, were not routinely sent as part of clinical care, and were thus not considered in the present analysis. 
Cardiac Biomarkers
Traditional cardiac biomarkers, drawn upon initial presentation to the ED, were measured using Bayer reagents (Bayer Healthcare, Cambridge, MA) on the Bayer Advia Centaur analyzer. The standard cutoff concentration was used for cardiac troponin I (0-0.09 ng/mL, detection limit 0.01 ng/mL, 10 % imprecision, 99th percentile cutoff [0.1 ng/mL). Repeat cardiac biomarkers were drawn as deemed necessary by the primary clinical team as part of routine care. Subjects without a laboratory evaluation of cTnI were recorded as ''missing'' (i.e., excluded) for the purposes of this analysis to avoid misclassification bias. Myocardial injury was defined as cTnI[0.09 ng/mL at any point in the hospital course. Peak troponin was defined as the highest measured cTnI at any point during the index hospital admission.
Study Protocol and Outcome
Subjects were prospectively followed to hospital discharge with hospital medical record follow-up for all patients performed by research assistants trained in medical abstraction and recorded using standardized data collection forms. Patients discharged from the hospital had no further follow-up. The study outcome was in-hospital all-cause mortality, which was used to determine test characteristics of cTnI.
Statistical Analysis
Chi-squared (with Fisher's exact test when appropriate) and t test were calculated for categorical and continuous variables, respectively, with 5 % alpha (two-tailed). Independent prognostic utility of cTnI was assessed using multivariable logistic regression (model fit via Nagelkerke R 2 , listwise deletion of missing data, no interaction terms) for both the main analysis and sensitivity analysis. Optimal cTnI cutpoints for cTnI were determined using area under the curve (AUC) of receiver operating characteristics (ROC). Diagnostic test characteristics, including odds ratios (OR), were calculated with 95 % confidence intervals (CI). Computer analysis was performed with SPSS version 21.0, IBM, Chicago, IL.
Sample Size
Sample size was calculated a priori. Assuming 5 % prevalence of myocardial injury, we calculated the number needed to analyze as 435 subjects to show a 5 % proportional difference between fatal and nonfatal overdoses with 80 % power and 5 % alpha. Figure 1 summarizes the patient screening and final study inclusion population. Selected clinical characteristics (demographics, vital signs, laboratory, past medical history, etc.) with respect to the clinician's decision to order cTnI are outlined in Table 2 . In addition to 61 patients with prior CAD, there were only 16 patients (3.6 %) with prior congestive heart failure. Abnormal vital signs (i.e., tachycardia, bradycardia, hypotension) were not substantially different in the groups with elevated cTnI or mortality. Clinicians were less likely to order cTnI in patients with positive cocaine toxicology screens; however, there were no significant difference in proportions of death or coronary artery disease between groups. The top five most common overdosed drug classes were the following: benzodiazepines (22 %), opioids (20 %), sympathomimetic (18 %), acetaminophen (18 %), and antidepressants (15 %).
Results
Patient Characteristics
Cardiac Biomarker (cTnI) Data
The median number of cTnI tests ordered on patients was 2, with 20 patients having 3 or more cTnI tests ordered. Elevation of initial cTnI and peak cTnI occurred in 50 and 60 patients, respectively, and both were highly associated with fatality (initial OR 21.0, peak OR 25.0). Mean initial cTnI was significantly higher in fatal versus nonfatal overdoses (1.2 vs. 0.06 ng/mL, p \ 0.001); however, peak cTnI was not significantly higher (1.3 vs. 0.38 ng/mL, p = 0.3). The independent prognostic value of elevated initial cTnI ([0.09 ng/ml) to predict mortality was confirmed in a multivariable model that controlled for age, gender, and prior CAD (adjusted OR 25.2, 95 % CI 8.6-73.6). A sensitivity analysis was performed which excluded those with prior CAD (N = 61), and elevated initial cTnI remained an independent predictor of mortality controlling again for age and gender (adjusted OR 24.5, 95 % CI 7.9-76.2).
ROC Analysis
The ROC curve (Fig. 2) reveals excellent AUC for prediction of mortality using the initial cTnI (c = 0.87, CI 0.76-0.98). Utilizing the peak cTnI, instead of the initial cTnI, did not improve the AUC (c = 0.84, 0.71-0.98). Elevated initial cTnI ([0.09 ng/mL) significantly predicted mortality (OR 21.1, CI 6.2-71.4) as did peak cTnI (OR 25, CI 6.7-93.9). The optimal cTnI cutpoints along the ROC curve were an initial cTnI [0.02 ng/mL (85 % sensitive, 83 % specific) and a peak cTnI [0.05 ng/mL (85 % sensitive, 86 % specific).
Diagnostic Test Characteristics
Test characteristics for initial cTnI (90 % specificity, 99 % negative predictive value) were better than peak cTnI (88.2 % specificity, 99.2 % negative predictive value). Initial cTnI was normal in only one death out of the entire cohort (1/437 or 0.2 %, 95 % CI 0.01-1.4). Full diagnostic test characteristics are summarized in Table 3 .
Discussion
This is the largest study to demonstrate the utility of cardiac biomarkers to predict in-hospital mortality for undifferentiated patients with acute drug overdose. We found that the initial cTnI had excellent diagnostic test characteristics to predict acute drug overdose mortality.
Future research should focus on high-risk overdose features to optimize strategies for utilization of cTnI as part of the evaluation of patients with acute drug overdose.
These findings are consistent with a prior study that demonstrated a strong association of ECG ischemia with adverse cardiovascular events in overdose patients [17] . In that prior study, components of the initial ECG were analyzed for the ability to predict cardiovascular events, and it was found that ECG evidence of ischemia was present in 40 % of patients who went on to have in-hospital cardiac arrest, versus 18 % of those who did not (p \ 0.05). Therefore, it is not surprising that the current analysis found biomarker evidence of ischemia as predictive of mortality in a similar patient population. Future studies should combine a cardiac biomarker approach with an ECG approach for risk stratification of drug overdose patients.
We found no association between clinician's likelihood of ordering cTnI and prior CAD. This suggests that clinicians were equally likely to order cTnI in CAD patients. Therefore, this is unlikely to have confounded our results. This may be explained by the fact that non-CAD (i.e., younger) patients represent a higher-risk age group for drug-related fatality based on historical data [18] . The death rate in patients without cTnI was only 2.1 % (4 out of 188), suggesting that the specificity and negative predictive value of cTnI would likely be improved if 100 % of the cohort had cTnI results. Ongoing studies are being performed to assess the role of CAD status in overdose risk and mortality.
Our findings raise the question regarding how clinicians should manage patients differently if they have elevated cTnI during the hospital course. Clearly, patients with elevated cTnI require telemetry monitoring and consideration of critical care unit admission. In contrast, a negative cTnI was found to exclude fatality with extremely high predictive value ([99 %). Further studies are necessary to evaluate whether initiation of certain treatments (e.g., intralipid for lipophilic exposures, hyperinsulin-euglycemia for calcium-channel blockers, etc.) should be empirically initiated for patients with elevated cTnI. Clinical trials of disposition decisions should incorporate initial cTnI in selected patients, moving forward.
Limitations
The findings in this study should be interpreted with several important considerations. This study was performed at the affiliate hospitals of one medical school in an urban catchment area; thus, these results should be externally validated in other settings in a distinct patient population. In addition, cTnI was lacking in moderate subset (30 %) of patients; however, this probably biased toward the null considering that cTnI probably would have been negative in the patients for which it was not ordered (i.e., the lowest risk overdoses). And finally, these results do not apply to excluded populations such as children or pre-hospital cardiac arrests.
Conclusions
In summary, we found that for adult ED patients with acute drug overdose, the initial cTnI result was strongly associated with in-hospital mortality. Furthermore, we found that serial cTnI did not improve upon the diagnostic test characteristics of the initial cTnI; therefore, serial cTnI is not indicated for the routine drug overdose evaluation. Future research should focus on high-risk overdose features to AUC area under ROC curve, CI confidence intervals, CK creatine phosphokinase, cTnI cardiac troponin I, MB myoglobin, NPV negative predictive value, OR odds ratio
